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(skeletally finite category )
$\Gamma(x,$ $y);=$ $omr(x,$ $y)$
$\Gamma$ Obj $(\Gamma)/$ $\Gamma/$
(F) $f$ : $xarrow y$ epi-mono :
$(xarrow^{f}y)=(xarrow^{e}im(f)arrow^{m}y)$ .
$e$ epi $m$ mono im$(f)$ $f$
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: $G$ $G$- ( ) $\Gamma$ (F)
(C) epi (F)
$x/\sigma$ $G$- $x$ $\sigma$- $x=G/H$
$\sigma=gH\in$ WH $\cong Aut_{G}(G/H)$ $\sigma$ $G/(g\rangle H$
: ( )
(F) (C)
$Z\Gamma$ ( ) Obj $(F)/$
$Z$ Obj $(\Gamma)/$ $Z$
$i$ $\Gamma/\cong$
$\varphi:=(\varphi_{i})$ : $Z\Gamma$ $arrow$ $Z^{\Gamma}$




$\psi:=(\psi_{i})$ : $Z^{\Gamma}$ $arrow$ Obs$(\Gamma)$
$;$ $\chi$ $( \sum_{\sigma\in Aut(i)}\chi(i/\sigma))_{i}$
CFB Cauchy-Frobenius-Bumside
:
(1) $0arrow Z\Gammaarrow^{\varphi}Z^{\Gamma}arrow^{\psi}$Obs$(\Gamma)arrow 0$
(2) ZF $\varphi$
zr (ABR)
: $p$ (C) :




: (F) (C) :
(a) $x\cong y$ ;
(b) $i\in\Gamma$ $|\Gamma(i, x)|=|\Gamma(i, y)|$ ;
(c) $i\in\Gamma$ $|\Gamma(x, i)|=|\Gamma(y, i)|$ .
: $G$ $\Gamma$ $G$ ZF
$G$ $p$ :





















: $\tilde{\Gamma}arrow\Gamma$ $puU$-back :
Mor$(\tilde{\Gamma})arrow^{dom}$ Obj $(\tilde{\Gamma})$
$f\downarrow$ $\downarrow$
Mor$(\Gamma)arrow^{dom}$ Obj $(\Gamma)$ .
:
$\lambda$ :f( ) $arrowarrow$ y $\tilde{\lambda}$ : $\tilde{x}arrow\tilde{y}$ (y$\tilde$) $\Gamma$y
$\lambda=$ $(\tilde{\lambda})$
$\Gamma$ cofibration Cofib$/\Gamma$ $-$ [$\Gamma$ , Set $f$ ]
$Cofib/\Gamma$ [$\Gamma$ , Set $f$ ]
$($ $:\tilde{\Gamma}arrow\Gamma)$ ($i$ -l(i))
$($ II$iF(i)arrow\Gamma)$ $arrow$ $F$
: $\tilde{\Gamma}arrow\Gamma$ skeletal $c$ bration $\Gamma$
generatorg $\in\Gamma$ Hom-set $H^{g}$ : $i\mapsto\Gamma(g$ , $\Gamma$




$e_{t}= \sum_{\overline{a}\in\overline{\Gamma}_{t’\in}}\sum_{1\overline{\text{ }}(t)}\frac{\mu_{\overline{\Gamma}}(a.’ t’)}{|Aut(\overline{\text{ }}(\overline{a})||\overline{\text{ }}^{-1}\overline{f}(a)|}\overline{f}(\overline{a})$
: $p$ Obj(F) $\sim_{p}$ $i/\sigma\sim_{p}i(i\in\Gamma,$ $\sigma\in(Aut(i)_{p})$
Aut $(i)_{p}$ Aut(
Auf$(i)_{1}=1$ , Aut $(i)_{0}=$ Aut( $\sim_{p}$ $p=0,1$







: (F) (C) ( (E) )
$\Gamma$
$s,$ $i\in\Gamma$
$\#\{\sigma\in$ Aut(i) $|i/\sigma\sim_{p}s\}\equiv 0$ (mod $|$ Aut $(s)|_{p}$ ).
$G$-
$\#\{G$ $p-\overline{\pi}\}\equiv 0$ $(mod |G|_{p})$
4 $G$-
(F) (C) $\Gamma$ $Z\Gamma$
$\Gamma$
$G$- $G$-
(1) $G$ $\Gamma$ $G$-




(C) $H\in$ , $g\in N_{G}(H)$ $H\{g\rangle$ $\overline{H\langle g\}}\in$
ABR $\Omega(G$ ,
[Yo 90]




$\varphi$ : $ZParrow Z^{P}$ ZP ABR
ABR
(4) (Hopf ) $G$ $G$- $G$-
(5) association scheme( AS)
AS $p_{i}^{k_{j}}$ $x,$ $y$
$z$
$G=\{a_{0}=1, g_{1}, \cdots, g_{n}\}$
$:=\{(x, y)\in G\cross G|x^{-1}y=g_{i}\}$
$(G, \{A_{i}\})$ ( )AS AS
AS
$G$ ( ) AS $G=(G, \{$ $\}O\leq i\leq d)$
:
(a) $G\cross G=\coprod_{i=0}^{d}A_{i}$ , $A_{i}\neq\emptyset$ .
(b) 0 $=$ $\{(g, g)|g\in G\}(=:G^{\Delta})$
(c) $i$ $i’$ $A_{i^{T}}=A_{i’}$ $A_{i^{T}}:=\{(h, g)|(g, h)\in A_{i}\}$
(d) $i,j$ , $(x, z)\in A_{k}$
$p_{i,j}^{k}:=\#\{y\in G|(x,y)\in A_{i}, (y, z)\in A_{j}\}$
$i,j$ , $(x, z)\in A_{k}$
$A_{i}\subseteq G\cross G$ $G\cross G$- :
$(A_{i})_{g,h}=\{\begin{array}{ll}1 if (g, h)\in A_{i}0 else\end{array}$
AS :
$( a’)\sum_{i=0}^{d}A_{i}=J$ (alll-matrix);




AS $G=(G, \{A_{i}\}_{0\leq i\leq d})$ $G$-
$X=(X, \{S_{\alpha}\}_{1\leq\alpha\leq e}\}),$ $S_{\alpha}\neq\emptyset$ :
(i) $G\cross X=L]_{\alpha=1}^{e}S_{\alpha}$ .
(ii) $\alpha,$ $\beta,$ $i$ $(g, x)\in S_{\beta}$
$\kappa_{i,\alpha}^{\beta}:=\#\{h\in G|(g, h)\in A, (h, x)\in S_{\alpha}\}$
$\alpha,$
$\beta,$ $i$ $(g$ ,
$(\ddot{\dot{m}})$ $\alpha,\beta,$ $i$ $(g, h)\in A_{i}$
$\lambda_{\alpha,\beta}^{i}:=\#\{x\in X|(g, x)\in S_{\alpha}, (h, x)\in S_{\beta}\}$
$\alpha,\beta,$ $i$ $(g, h)$
(iv) $x,$ $y\in X$
$\{g\in G|(g, x)\in S_{\alpha}\}=\{g\in G|(g, y)\in S_{\alpha}\}$
$\alpha$ $x=y$
$S_{\alpha}$ $G\cross X$- :
$(S_{\alpha})_{g,x}=\{\begin{array}{ll}1 if (g, x)\in\ovalbox{\tt\small REJECT}0 else.\end{array}$
:




(iii’) $S_{\alpha}S_{\beta}^{T}= \sum_{i=0}^{d}\lambda_{\alpha,\beta}^{i}A_{i}$ ;









$G$- $G$- disjoint union $G$-
association scheme
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